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Aims
To investigate the correlation between biomechanical, environmental, psychosocial and personal risk factors and potential incidence of PRMD arising in professional classical musicians.
Methods
Fifty-nine orchestral classical musicians were observed: They also filled out questionnaires providing information regarding musculoskeletal symptoms, psychosocial factors and demography.
Results
Clinical observation using the Rapid Upper Limb Assessment (RULA) showed significantly higher scores in string musicians compared with woodwind and brass players (right RULA score F 5 4.77,
Introduction
Most professional classical musicians will suffer at some time during their career from a musculoskeletal disorder (MSD). As many as 12% of them have been reported to give up their profession permanently [1] . This phenomenon has been designated as playing related musculoskeletal disorder (PRMD) with a prevalence among musicians varying between 60 and 80% [2] [3] [4] [5] . PRMD consists of non-specific muscle and tendon complaints that are attributed to inflammatory disorders of tendons and tendon sheaths and compression or entrapment of peripheral nerves in several areas [2, [5] [6] [7] [8] [9] . The variation in prevalance is related to the type of instrument played [2, 10] . Although specific research on PRMD risk factors has been undertaken [5, 8, [11] [12] [13] , these studies did not examine the cumulative significance of all predictable risk factors for PRMD. Most research has concentrated on the prevalence of PRMD with reference to the biomechanical risk factors [14] , and many studies are based solely on self-reported symptoms [12, 15] . This study hypothesizes that the correlation between biomechanical, environmental, psychosocial and personal risk factors [observed by an occupational therapist (OT)] will predict PRMD among classical musicians.
Methods
A cross-sectional study of classical musicians was performed. One of the authors (Y.K.-C.), attended rehearsals of four orchestras and invited every string and wind player to participate in the research. Cohen's statistical power analysis [16] was implemented to calculate the multiple regressions for 10-15 independent variables with r 2 of 0.25, with 80% power and a of 0.05 for the test. The determined sample size was 60 subjects (10 independent variables were finally included in the multiple regression analysis). The string and wind (includes woodwind and brass) players in this research were recruited from three major Israeli classical orchestras.
The Standardized Nordic Questionnaire (SNQ) [17] considers musculoskeletal pain in various body regions over the preceding 12 months and has been shown to be both reliable and valid [18] . Since musicians can experience both biomechanical and postural overloading on the upper extremities, an addition to the original questionnaire was made using the same format of the SNQ. This reviewed the presence of pain in the muscles of the arm, elbow, forearm, palm and each of the fingers. This additional questionnaire was scored on its own and was found to be valid in another population (separate from the original SNQ) [19] . The additional questionnaire was validated against the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire used with other populations and was found to have a correlation of r 5 0.53; P , 0.001 [19] .
The DASH outcome measure [20] is a 30-item selfreport questionnaire designed to measure biomechanical function and symptoms in patients with any or several MSDs of the upper extremity. The DASH contains an optional item intended to measure performing artists such as musicians.
The National Institute for Occupational Safety and Health (NIOSH) Generic Job Stress Questionnaire [21] was also administered. Four stressor factors (represented by 37 items from the NIOSH questionnaire) including: 'perceived physical environment' (PPE), 'job control assessment' (JC) and 'quantitative job requirements' with 'perceived workload' (JR and WL) were chosen for this study. PPE includes the perceived sound intensity, ambient temperature, local humidity, ventilation and illumination in the rehearsal and concert halls. JC, JR and WL are considered to be psychosocial risk factors. As per NIOSH's suggestion, the risk factor derived from the relationship between the JR, WL and JC was named WL-JR/JC.
The Rapid Upper Limb Assessment (RULA) [22] is a survey developed for use in workplaces where workrelated upper extremity disorders are reported. RULA assesses biomechanical and postural loading including the positioning of the hands/fingers on the instrument, angulations of the joints, degree of movement when the instrument is played and weight bearing on the whole body with particular attention to the neck, trunk and upper limbs.
The RULA observations were undertaken by an OT who is a specialist hand therapist.
The RULA was calculated for both hands and was included alternatively in three different ways in the regression analysis equation (both hands, the hand that obtained the higher score and the difference between the two hand scores-representing the asymmetric measure). Asymmetry of body posture (which is a well-known concept in ergonomics for biomechanical risk assessments) was selected for the regression analysis as both upper extremities of musicians were active and provided information regarding the impact of asymmetric upper extremity work [23] .
The personal information questionnaire comprised biodemographic information including body mass index (BMI), medical history, household chores, hobbies, sport activities and assessment of playing characteristics (see Table 1 ). Analysis of variance statistical analysis was used to compare the differences between the orchestras.
All musicians provided informed consent and ethical clearance were received from the Tel-Aviv University board for this study.
A structured clinical observation was performed during rehearsal time by one author in the following week.
The biomechanical and postural loadings during instrument playing were documented on the RULA scale. All the questionnaires were renumbered prior to being filled in, allowing the participants to remain anonymous.
Univariate analysis was performed and linear regression analysis (Stepwise regression model) was performed only with independent variables that showed a significant correlation with PRMD. Six regression analyses (four dependent variables of the SNQ from which three variables were of the additional SNQ and two of the DASH) were completed with 10 independent variables. These included biomechanical (RULA difference), environmental (perceived physical environment), psychosocial (WL-JR/JC), individual playing characteristics and personal risk factors (bio-demographic information).
Results
Four orchestras were invited to participate in the study but in one ,50% of the musicians consented to participate and it was excluded from the survey. The three orchestras included in the study employed 93 string and wind musicians on a regular basis, of whom 61 (66%) agreed to take part in the survey. Those who declined to take part were of similar age to those of the investigated population and in similar proportions of string and wind players. Two musicians (2%) were excluded from the study due to orthopaedic problems caused by traumatic injuries. Of the 59 instrumentalists, 39 (66%) were string players, 20 (34%) were wind players, 29 (49%) were men and 30 (51%) were women. Ages ranged between 26 and 66 years and the mean age was 42.9 years (SD 6 11.43).
Eighty-three percentage of all the musicians in the study reported symptoms in at least one body region in the previous 12 months. Seventy-three percentages suffered PRMD in more than one joint. Fifty-eight per cent of those surveyed reported upper extremity pain during the past year. Sixty-eight per cent of these were string players and 32% wind players. No significant difference was found between those two groups with respect to age, gender, years of education, BMI, medical history and sporting activities. There was no statistically significant difference between string and wind musicians regarding the prevalence rate of pain in the upper extremities. The group surveyed suffered from a variety of PRMDs, with a particularly high prevalence of shoulder pain (55%), lower back pain (49%), upper back pain (42%) and neck pain (39%).
The RULA score was significantly higher among string players in comparison to wind players as shown in Table 1 (right RULA score F 5 4.77, P , 0.05; left RULA score, F 5 3.90, P , 0.05).
According to this survey, an average of 5 h/day (SD 2.45, range 2-18) was devoted to playing the instrument, with an average of only 10 min 'warm-up' prior to playing (SD 3.63, range 3-15). Only half of the musicians dedicated time to warm-up exercises.
Correlation analysis between PRMD and independent variables was significant for the following variables: average of playing hours in an orchestral framework (r 5 0.30, P , 0.05), warm-up prior to playing (r 5 20.55, P , 0.01), RULA difference (r 5 0.38, P , 0.01); weight of musical instrument (r 5 0.48, P , 0.01), psychosocial risk factors (r 5 0.35, P , 0.01), the perceived physical environment (r 5 0.39, P , 0.01), number of cigarettes smoked per day (r 5 0.86, P , 0.01), household chores (r 5 0.24, P , 0.05), hobbies (r 5 20.21, P , 0.05) and sporting activities (r 5 20.32, P , 0.05).
The study hypothesis was only partially verified. The linear regression model revealed that biomechanical factors (RULA), perceived physical environment, individual playing characteristics and personal risk factors all predicted MSDs in the study population. Psychosocial risk factors (WL-JR/ JC) did not predict MSDs in the study population. Five of six regression analyses had significant R 2 values, with an explained variance ranging between 7% and 27%. Four of five regressions predicted PRMD in the upper extremities. The greater the difference between the RULA scores for both limbs (RULA difference), the more musculoskeletal complaints and limitations of function were reported by the musicians. The regression analysis revealed that these variables included in the equation had significant b size that ranged between 25% and 42% (see Table 2 ). In addition to the described regression analysis above, two further analyses were completed (the RULA score for both hands and the RULA score of the hand that obtained the higher score). Therefore, the RULA was included alternatively in three different ways in the equation of the regression analysis (both hands; hand that obtained the higher score; the difference score resulting from retraction of the RULA score for the left hand from the RULA score for the right hand-representing the asymmetric measure). Results of these regression models were virtually unchanged for the three different alternatives.
In addition, analysis of variance was performed to examine the gender effect on the dependent variables. No differences were found between males and females with respect to PRMD.
Discussion
In our study, biomechanical and perceived physical environment risk factors were found to be the two strongest statistical predictors for PRMD in orchestral musicians. The RULA difference variable was the strongest predictor for PRMD in the upper extremity. High scoring on the RU-LA provided evidence of extreme body postures, excessive muscle activation, repetitive movements and static and dynamic loading being exerted on different anatomical regions. These risk factors combined with long playing hours heightened the risk of musculoskeletal pain. The literature presents these biomechanical risk factors as being causal of MSDs, in different vocational groups [1, 14, 22, 24, 25] and perceived physical and environmental risk factors existing in the rehearsal and concert halls may cause stress in musicians [1, 13] . Environmental risk factors have both physiological and emotional influences, which might have an indirect impact on the musculoskeletal system [13, 26, 27] . The weight of the instrument may generate ergonomic issues related to both the static and the dynamic loading exerted on the musculoskeletal system. Static loading relates to the long periods of continuous muscular contraction required to hold the instrument and/or the maintenance of the upper limb in a particular position for a sustained period. Dynamic loading of the muscles, joints and other supporting anatomical structures results from the motion involved in playing the instrument. These efforts all have a cumulative effect on the musculoskeletal system [25, 28] .
Gender turned out to be the only individual variable that predicted PRMD; a finding that contrasts with the published literature, which indicates that female musicians report more MSDs than male musicians [12, 13, 28] . On the other hand, there is evidence that females can better perform tasks that require a higher level of muscle endurance such as increased hand grip strength with a flexed elbow [29, 30] .
Contrary to expectations, the psychosocial burden (WL-JR/JC) was not found to predict musculoskeletal pain. In the univariate analysis, psychosocial risk factors correlated significantly with PRMD. In fact, the demands upon orchestral players, in terms of emotional investment and levels of performance required, are so intense that they may often have to ignore bodily discomfort and pain until after their playing is over [14] . The fact that anxiety measurements were not taken into account in this study might explain why the psychosocial risk factors did not predict PRMD.
The prevalence of PRMD found in this study is comparable with the prevalence of 60 and 80% of PRMD among musicians reported in the published literature [2] [3] [4] 23, 28] . When considering the prevalence of pain in relation to the type of instrument played, 68% of those reporting musculoskeletal pain in the upper extremities were string players and 32% wind players that replicate almost exactly the International Conference of Symphony and Opera Musicians survey which reported a high frequency of musculoskeletal problems in string players (60%), compared with 32% of all wind players [29] . String players in this study generally suffered twice as much as the wind players from PRMD in the upper extremity. This resembles other epidemiologic findings published elsewhere [2] [3] [4] [5] . The shoulders were the most commonly reported painful joints. Sixty-one per cent of the string players reported shoulder pain compared with 45% of the wind players. Brandfonbrener [14] and Hoppmann [3] claim, that although classical musicians often complain about primary or secondary shoulder pain, they often report pain in the arms, wrists and hands-the areas where the greatest muscular exertion occurs while performing. The dominancy of the exertion of the upper extremity was also expressed in the regression analysis. It was noted that only one dependent variable in the regression model was related to the entire body, whereas the remaining four variables dealt with PRMD solely in the upper extremities.
There are some limitations to our study. Firstly, there may be selection bias due to participation rate of the study (66%). Another limitation is the exclusion of the variable 'vibration', a significant biomechanical risk factor, in the evaluation of influential biomechanical risk factors as a whole. To the best of our knowledge, no method has been found to suitably assess this risk factor.
The anthropometric measurement used in this research was BMI. It appears that additional anthropometric data are needed that relates to the musicians, the physical measurements of the musical instrument, the height and distance of the music sheet stand and the type of chair used by each type of musician.
In addition, we referred to the weight of each instrument but without presenting any specific model integrating variables such as in the case of the cello and double bass, which rest on the floor and therefore eliminated the effects of gravity.
It must be noted that this is a cross-sectional study designed to predict a statistical concept rather than being a literal prediction. The cross-sectional study design precludes the drawing of conclusions about the causal relationship between risk factors and PRMD. Data regarding the prevalence of PRMD should be treated with caution since the musicians in this study might have reflected a 'healthy worker' effect, as it may be that some musicians had left the orchestras because of pain.
The biomechanical risk factors, which predict PRMD are mainly associated with the upper limbs. This finding is probably dependent upon the additional SNQ tool, which increased the opportunity of the participants to inform about their upper extremity symptoms.
The additional questionnaire addressed the upper limbs (although used separately, in addition to the original SNQ and validated with the DASH) and thus might have affected the validity of the findings.
In conclusion, both objective (RULA) and subjective perceived physical environmental risk factors (as perceived by the musicians) and biomechanical risk factors predicted PRMD, mainly with the upper extremities.
This study emphasizes the need for a professional to investigate the risk factors that musicians are exposed to. Further studies are warranted, in order to define prevention strategies for musical routines and patterns, as used by orchestral classical musicians.
Key points
• Playing related musculoskeletal disorders are a significant health problem associated mainly with the upper extremities within a sample of orchestral string and wind musicians from three orchestras.
• The biomechanical risk factors (assessed by the Rapid Upper Limb Assessment tool for estimating extreme body positions, repetitive movements and load bearing) and the perceived physical environment were the two strongest statistical predictors for playing related musculoskeletal disorder among orchestral classical musicians.
• There is a need for orchestral clinicians to investigate the risk factors and to implement preventive measures for musical routines and patterns as used by orchestral classical musicians.
